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cbm water management: challenges, solutions, and opportunities
mike day, Applied Hydrology Associates

I

appreciate the opportunity to be here this morning. I
would like to share my personal opinions about the
potential hydrologic impacts of coalbed methane development in the Powder River Basin. I want to emphasize
that I’m not here representing any individual entity
today. I’m here representing myself and presenting my
own opinions. My talk this morning is really going to
focus on the challenges of producing this very valuable
energy resource in a responsible manner. In my opinion,
we do have the engineering solutions to manage produced
CBM water responsibly. I also feel that there are opportunities that perhaps are not recognized to increase the beneficial use of produced water. While I will be talking
about the potential hydrologic impacts from the projected
coalbed methane development in the Powder River Basin,
I’d also like to emphasize the water management techniques that are being used, or that could be used, to minimize impacts, and the opportunities to increase beneficial
use of produced water. There has been a lot of rhetoric

powder river basin
Area of Potential CBM
Development
-180 townships
-6,500 square miles

regarding water issues associated with the Powder River
Basin development. For example, the quality of the produced CBM water being characterized as very saline. I’d
like to address some of those misconceptions that have
been put out there toward the end of my talk.
The proposed CBM development in the Powder River
Basin covers a very large area encompassing over 180
townships and over 6,500 square miles.
The slide below shows a very simple sketch of the
regional groundwater flow in the Powder River Basin.
Most of the recharge occurs along the eastern margins
of the basin. Groundwater flow from this area generally
tends to be towards the North and Northwest towards
the Yellowstone River regional discharge area.
As we move along the regional groundwater flow path,
in very general terms, the salinity (measured in terms of
total dissolved solids) tends to increase towards the discharge areas. However, the salinity values are generally
not very high. The highest values that we find are in the

regional groundwater
flow in the prb
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2,000 milligram per liter range. CBM water is good quality water, generally speaking. In many cases, good enough
for drinking water. This slide shows a comparison of total
dissolved solids in CBM wells with adjacent surface
waters. The salinity of CBM water in the vicinity of the
Powder River and the Little Powder River is very comparable with the salinity of the surface water in those rivers.
Surface water in the Belle Fourche and the Cheyenne River
tends to be more saline than adjacent CBM water. The
Tongue River has very good quality water because it
derives most of its runoff from snowmelt in the Big Horn
Mountains. Clearly, water derived from the coal is much
poorer quality than the Tongue River surface water, which
is why there are no discharge permits issued in Wyoming
for CBM water discharge to the Tongue River.

move along the regional groundwater flowpath, we find
that the sodium content increases. So we do find some
high SAR values in the northern parts of the Basin. The
SAR of the CBM produced water has been a major issue,
particularly as development has moved from the Eastern
to the Western side of the Basin. It’s the sodic content of
produced CBM water that has stimulated the concern
with regard to discharge to surface waters that are, or
potentially could be, used for irrigation.

sar in cbm wells
and surface waters

total dissolved solids in cbm
wells and surface waters

The other trend that we see in the regional groundwater is the increase of sodium content along the flow
line. The sodium adsorption ratio, or SAR, is essentially
the ratio of sodium content to magnesium and calcium
content. The higher the sodium, the less amenable it is
for irrigation use, particularly in areas of clay soils. As we
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The main hydrologic issues that I hear people express
concerns about are: Loss of groundwater resource,
impacts on shallow groundwater and streams, and
impacts to people using groundwater in the basin.
The next slide shows the projected EIS water production. The EIS assumes about a 20-year development timeframe. What this graph shows is that the projected CBM
development is going to potentially produce a very large
quantity of water. However, much of this produced water
does not end up as surface water flow because of the water
management techniques used. Much of the produced CBM

hydrologic issues associated with cbm
development
• Loss of groundwater resource
- Concern over waste of groundwater resource
- Low natural recharge to groundwater aquifers
- How much of discharged water re-infiltrates?
- How long will it take to recharge depleted coal aquifers?
• Impacts on shallow groundwater and streams
- Direct discharge of produced CBM water
- Seepage of CBM water stored in ponds and reservoirs
- Will there be any water quality impacts to alluvial water?
• Impacts on existing groundwater users
- Users of coal aquifers that are developed for CBM
- Users of aquifers above and below target coals

water reinfiltrates back into the groundwater system,
either naturally along stream channels or in impoundments. In my opinion, re-infiltration of CBM water into
shallow aquifers should be encouraged because this process
preserves the groundwater resource. Actual CBM production to date is also shown on the graph. If you compare
actual water production with projected water production,
it can be seen that, at least early in the development, pro-

jections are running a little high compared to the past
year’s actual production. This difference is primarily
because the actual number of wells put into production
last year was less than used in the predictive analysis.
What happens when we pump the coals? Pumping
reduces the water pressure in the coals. Depressurization
of the coal by pumping has the effect of increasing vertical
hydraulic gradients and consequently increasing leakage

eis projected cbm water production and recharge
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blm monitoring well nest mp22 hydrographs

into the coal from overlying and underlying aquifers. The
vertical permeability of the units separating the coal from
these units is the major factor determining the extent of
leakage and the potential impact to the adjacent aquifers.
One aspect that we evaluate when we assess impacts of
CBM development is the potential effects on shallow
aquifers. This is a concern for the people that use these
aquifers. One of the best ways to evaluate potential

impacts is to look at the effects of actual CBM developments that have been operating for some time. In the
developed coalbed methane area, the BLM has established
several “nests” of monitoring wells, with wells completed
in different zones. This slide shows one such nest with a
well completed in the coal, a well completed in the sand
immediately above the coal, and wells completed in two
shallow sands. You can see the effects of CBM develop-

blm monitoring well nest mp22 hydrographs
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ment in the water level in the coal. The water level has
been drawn down about 300 feet as a result of pumping
of water and production of gas in the coal. The water level
in the well completed in the sand only 40 feet above the
produced coal, shows very little impact from CBM development. There is a slight decrease in water level of about
10 to 20 feet starting in about 1999. This area has had
active CBM development for about eight years so this
monitoring well data gives us very good information about
the potential impacts on overlying aquifers resulting from
extended CBM operations. This is not an isolated example.
The monitoring conducted by the BLM to date has not
shown any evidence that CBM depressurization of the coal
has significantly affected shallower aquifer water levels.
There is leakage into the depressurized coals from these
sands, but not to the extent that major impacts are seen in
terms of loss of resources in the sands.
I’d like to discuss the pros and cons of some of the
management options that are being use at the present
time in the Powder River Basin. There are four primary
water management options being used currently. The
most common option — at least in the early days of
development on the Eastern side of the Basin — is discharge to surface streams. The CBM water quality on the
Eastern side of the Basin is certainly good enough that for
this water management option to be practical and environmentally sound. Discharge points for CBM produced
water are typically constructed with erosion controls.
Most water discharges are not treated, except for minimal
passive treatment to precipitate iron and manganese.
However, additional treatment of water prior to discharge
could be performed if deemed necessary and appropriate.

The second major management water management
technique consists of discharging CBM produced water
to impoundments that can be either lined or unlined.
Injection is another water management technique
that has been used in a few locations in the Powder River
Basin. Injection is used extensively for CBM water management in the San Juan Basin and also in the Raton
Basin because of much lower water production rates and
much poorer water quality compared with the Powder
River Basin. In general, injection is not a very economic
or practical way of handling the relatively large quantities of water that are typically produced in the Powder
River Basin. Injection has only been used in the PRB
where unique conditions provide the opportunity for this
option to be feasible. For example, pumping of deeper
Fort Union aquifers by the city of Gillette over the past
20 years or so has lowered the pressure in these aquifers
locally by as much as 600 feet. These aquifers have relatively high transmissivity and the low head allows injection of CBM water at reasonable rates to be feasible.
The last water management technique that is currently
being used in limited locations in the PRB is land application of CBM produced water. Surface discharge and
infiltration pits are the two water management techniques that are currently most commonly used in the
PRB. They are also the techniques that stimulate the
most controversy and discussion.
When selecting a water management approach in any
given area there are a number of factors that have to be
considered. The overall volume produced and how the
production rate will vary over the life of the well will
have an influence on the choice of water management
approach. It is important to examine the quality of the
produced water and its suitability for beneficial uses in

water management options
selection of water management method
• Discharge to surface streams
- Erosion controls
- Treatment/No treatment
• Impoundment
- Lined/Unlined
• Injection
- Shallow/Deep
• Land application

• Nature of produced water
- Volume and decline
- Suitability for beneficial uses
- Quality
• Regulatory constraints
• Landowner constraints
• Cost
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the area. Also, regulatory requirements, landowner constraints, and costs have to be considered.
CBM produced water is suitable for a number of
beneficial uses because the water is typically of good
quality. CBM water produced anywhere in the PRB is
suitable for livestock. Industrial use is currently limited
to dust control. The water is suitable for fish and
wildlife. Irrigation use is limited to areas where the
CBM water has salinity and SAR values that are appropriate for irrigation use. In areas of predominantly clay
soils, there may be limited possibilities to use coal bed
methane water for irrigation. One beneficial use of
coalbed methane water that is largely overlooked or not
recognized, is for recharge of shallow groundwater.
Shallow groundwater in the Powder River Basin generally has fairly poor quality. The CBM water is of far better quality for most purposes. In my opinion, the use of
coalbed methane water to recharge shallow aquifers
should be encouraged and recognized as a real beneficial

use. The last beneficial use for CBM water is recreational: ponds and wetlands, duck habitat, and fishing. There
beneficial uses
• Livestock
• Industrial
• Fish and wildlife
• Irrigation
• Aquifer recharge and storage
• Recreation

are a number of recreational uses that could be constructed to use CBM water but this has not occurred
primarily because of the expected relatively short duration of CBM water availability.

water quality comparison

parameter
Chloride

units
mg/L

typical
prb cbm
water
5 to 38

typical
raton basin
cbm water

livestock

irrigation
criteria

primary
drinking
water

secondary
drinking
water
250

10 to 1330
(Avg 419)

TDS

mg/L

471 to 2350

922 to 4350

5000

varies with crop

200 to 500

100

500

(Avg 2082)

Arsenic

ug/L

<0.1 to 1.3

Barium

ug/L

100 to 2000

Boron

ug/L

70 to 150

ND

10
2000

50 to 2100

5000

750 to 6000

(Avg 386)

Fluoride

ug/L

200 to 2000

Fe, diss.

ug/L

<30 to 1400

4000

2000 to 3000
150 to 15400

5000

300

200

50

(Avg 1712)

Mn, diss.

ug/L

<10 to 100

10 to 63
(Avg 33)

Selenium

ug/L

<5

ND

Trace Metals

ug/L

ND

ND

5 to 35

2 to 61

SAR
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50 to 100

20

N/A

varies with soil
and SC

50

This slide shows a comparison of typical CBM water
quality to various standards. I want to emphasize the fact
that CBM water has relatively good quality. Chloride
concentrations in CBM water usually meets drinking
water standards, and certainly do not exceed livestock
standards. Arsenic and barium concentrations typically
are less than drinking water standards. Iron and manganese can exceed drinking water standards, but they
tend to be precipitated using passive oxygenation
techniques prior to discharge. SAR, varies widely within
the Powder River Basin. SAR can be a issue with respect

to water use for irrigation depending on the type of soil
and also the salinity of the water.
Generally, the life of a CBM production well is estimated to range from 7 to 15 years. Average production
rates can vary initially from up to 100 gallons a minute
to as low as 10 gallons per minute. Typically, wells experience a very rapid decline in production rate, particularly in the first year. Initially, the water pumped from the
well is derived from storage in the coal, but over time
this storage component decreases and the major source of
the pumped water becomes leakage into the coal from

pumping rates
• Decline with time
- Storage: Approaches 0 after 1 year
- Leakage
• Life span of a well?
• Average production rate?

coal water production decline
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prb: high water, low gas

above and below the coal seam. As a result, the production rate from a well tends to flatten off very quickly.
Above is a typical production graph from a high production well. The graph shows a very rapid decline and
then a leveling off in water production rate.
There are a number of issues associated with discharge of CBM produced water to surface streams.
Discharge is regulated under the NPDES program,

so that the idea that coalbed methane operators can discharge into any creek they want is incorrect. In most
cases, surface water discharge issues are associated with
surface landowners, particularly those located downstream from the discharge point.
There are some fairly simple techniques that can
be used to remove iron and manganese from discharge
water. These slides show the concept and construction

surface discharge
issues
• regulatory
–NPDES
• treatment
• landowner
• beneficial uses
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iron and manganese removal

iron and manganese removal

of some typical systems. The water is discharged across a rocky area that promotes
aeration of the water so that iron and
manganese precipitate out.
The effect of SAR on infiltration rate
through soils is a function of the salt content
of the water. This graph represents the relationship between SAR, salinity (as measured
by electrical conductivity), and effect on
infiltration. If water has SAR and electrical
conductivity characteristics that plot below
the line on the right-hand side of the graph,
this indicates that the water will have no
adverse effects on infiltration rate.

iron and manganese
removal
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effect of sar on infiltration rate

This graph shows the results of SAR and electrical
conductivity measurements that have been performed
on the water in tributaries to the Belle Fourche River
and Caballo Creek drainages, on the Eastern side of the
basin. The SAR and electrical conductivity characteristics fall within the area of the graph that indicates no
adverse effects on infiltration rate. This indicates that
there is generally not a problem with the use of this
water for irrigation. The baseline values (measured prior
to any CBM water discharge) are very similar to values
measured on tributaries that currently receive coalbed
methane discharge. This demonstrates that coalbed

methane discharge has not measurably affected baseline
water quality in these creeks.
A similar plot for the Powder River drainage is shown
in the next slide. There is a much wider spread of SAR
and specific conductance values in the Powder River
drainage. Plotted values for measurements taken in
Burger Draw, fall above the line indicating potential SAR
effects on infiltration rate. Measurements taken on other
tributaries receiving CBM discharge all fall below the line
indicating no potential for infiltration effects.
Measurements taken upstream from any CBM discharge
and measurements taken in tributaries that do not receive
CBM discharge tend to be similar to values for tributaries

sar and sc from tributary monitoring
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sar and sc from tributary monitoring

receiving CBM discharge water. With the exception of
Burger Draw, CBM discharge has not had a measurable
impact on surface water quality in tributaries to the Powder
River with respect to potential infiltration rate effects.
The Caballo Creek drainage is an area of the PRB
with a long CBM production history. This plot shows
how the CBM water production increased over time
through year 1999 as this area was developed, then leveled off in year 2000, and started to decline in year 2001.
This reflects the cumulative water production decline
that is seen in individual wells. The same trend is projected to occur in other areas of the PRB as CBM is
developed. The average SAR of the CBM water being
produced in the Caballo Creek drainage area is about 9.
The SAR of the creek water varies between 2 and 6 but

has remained within this range throughout the period of
development. It is apparent that the discharge of CBM
water into the creek has not had any measurable affect on
the SAR of the water in the creek itself.
There are a variety of techniques that can be used to
manage irrigation when there is a component of the
CBM water that perhaps does not meet quality or SAR
criteria. For example, head gates can be installed on
spreader dykes to control the amount of water that does
not meet criteria. Bypass channels can be constructed to
divert unsuitable water around irrigated fields. The timing and amount of CBM releases to surface waters can be
managed to control the quality of water used for land
application. Unsuitable water can be contained during
the irrigation season if necessary.

sar trends, caballo creek
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specific conductance along spotted horse creek

There is considerable debate about treating CBM
water, prior to surface water discharge, to reduce the
salinity. However, the baseline salinity of stream water (as
measured by specific conductance) based on several samples of natural runoff collected during year 2000 at locations not influenced by CBM discharges, is typically
higher than CBM water. For example, data from Spotted
Horse Creek indicates a range of specific conductance of
between 3,800 and 6,200 uS/cm compared with typical
CBM water in this area of 3,000 uS/cm. The natural
salinity of the creek water results from rain and snowmelt
that forms runoff dissolving ions from the soil materials
in the stream channel and the alluvium. This is confirmed
by measurements taken of CBM discharge water downstream of the discharge point during dry weather conditions (i.e. the CBM water was the only source of water in
the creek) that show that the water increases in salinity,
and approaches baseline conditions, as it flows down the
creek. If this water was treated to decrease the salinity at
the discharge point, in a similar way to rainwater, solution of ions from the soils in the stream channel will
probably bring the salinity back to baseline conditions
within a few miles of the discharge point.
Surface discharge of CBM water is obviously a very
low-cost method of dealing with large volumes of water.
A large amount of shallow groundwater recharge has
been shown to occur as water flows along the creeks.
There are beneficial uses for the discharged water, primarily with respect to livestock and wildlife. On the nega-
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tive side, there are permitting difficulties associated with
surface water discharge in the Powder River Basin, primarily due to potential downstream impacts. If discharges are permitted, there are costs associated with
monitoring and potential treatment.
surface discharge
• Pros
- Low cost—large volumes
- Shallow groundwater recharge
- Beneficial uses
Year-round water supply
Better distribution for livestock and wildlife
• Cons
- Permitting delays
- Downstream impacts
- Monitoring costs
- Treatment costs

impoundment/containment
• Containment—WOGCC Pits
• Off channel—No discharge WDEQ Option 1
• Discharging impoundment—WDEQ Option 2

impoundments
• Pros
- Zero surface discharge
- Groundwater recharge
- Beneficial uses
- Permitting
- Low operating costs
• Cons
- Restricted locations
- Landowner issues
- High capital costs
- Reclaimation (off channel)

There are basically three types of impoundments that
are currently being permitted in the PRB. Off-channel, nodischarge impoundments are designed so that there will be
no uncontrolled surface discharge. The impoundments are
unlined to allow recharge to shallow groundwater.
Groundwater recharge is a positive thing, given the
good quality of the groundwater that’s produced from
coals compared to the shallow aquifers. The main downside to these impoundments is the area that they occupy,
particularly if there are restricted locations for construc-

tion. The use of valuable surface area can be a significant
landowner issue depending on the circumstances.
The location of the impoundment influences whether
infiltration has the potential to eventually result in surface water discharge. In perennial stream drainages,
groundwater naturally discharges to the stream.
Infiltration from impoundments located close to perennial streams could raise ground water levels and result in
increased discharge to the stream.
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Ephemeral streams only flow in response to snowmelt or
storm events. The natural groundwater water table is below
the stream level. When there is flow in the stream, it tends
to recharge the groundwater. Infiltration from impoundments located in ephemeral stream drainages would have to
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raise the ground water level above the base of the streambed
in order to result in any discharge to the stream.
If a shallow, low permeability “perching” layer exists
below an impoundment, there is a potential for localized
seepage to creeks in ephemeral drainage basins.

misconceptions and facts
• High levels of water production and discharge will cause
flooding and erosion.
Erosion controls at discharge points
Rates vary and decline substantially in year 1
Conveyance loss usually >80%
Actual surface flows too low to cause significant
erosion
• CBM water will contaminate underground sources of
drinking water.
–Coal water quality typically much better than
shallow aquifer quality
–CBM water actually used to replenish groundwater supply
–Regulations protect the receiving aquifer
–No evidence of contamination
• CBM water will turn freshwater streams into continuous
brackish streams.
–CBM water salinity in PRB often lower
than in streams
–Must meet stream standards
• CBM water contains toxic levels of arsenic, iron, barium,
and manganese.
–Usually below stream standards and ambient
–Treated before discharge to streams.

conclusions
• Techniques are available to effectively manage water
production from CBM development in the PRB.
• Opportunities exist for beneficial use of produced
water.
• Recharge of shallow groundwater from impound-

I would like to conclude with some comments
regarding misconceptions versus facts with respect to
CBM hydrologic impacts in the Powder River Basin. A
common misconception is that the high levels of water
production and discharge are going to cause flooding and
erosion. That generally is not the case. There are erosion
controls at discharge points. The actual surface flows that
result from discharge are very much lower than typical
runoff from storm events or spring snowmelt. Erosion
from CBM water discharge has not been a significant
problem, although there may have been some isolated
cases where this has occurred. There is a common misconception that infiltration of coalbed methane water will
contaminate underground sources of drinking water. In
most cases the CBM water is of much better quality than
the shallow groundwater. As indicated earlier, CBM water
is actually used to replenish the drinking water aquifer
that supplies the city of Gillette. There are regulations to
protect situations where the shallow aquifers have better
quality water than the CBM water, but there are very few
areas in the Powder River Basin where this is the case.
Another misconception is that coalbed methane water
is going to turn fresh water streams into brackish
streams. Again, this is generally not the case in the
Powder River Basin because coalbed methane water
salinity is often lower than the streams into which it is
discharged. An exception to this general observation is
the Tongue River, which has very low salinity. As a
result, there is no discharge of CBM water to the Tongue
River in Wyoming. The last misconception is that
coalbed methane water contains toxic levels of arsenic,
iron, barium, and manganese. Water quality data indicate that these trace metals may be detectable, but generally not at concentrations that exceed ambient stream
quality or stream standards.
In conclusion, we do have techniques to effectively
manage water production from coalbed methane development in the Powder River Basin. There are many opportunities for beneficial use of this water due to its generally good quality. In particular, recharge of shallow aquifers
resulting from infiltration of CBM water in streams and
impoundments should be considered as a positive beneficial use rather than as a negative impact.
Thank you.

ments and surface streams should be considered positive rather than negative.
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